Objectives: Routine health information systems (RHISs) provide data that are vital for planning and monitoring individual health. Data from RHISs could also be used for purposes for which they were not originally intended, provided that the data are of sufficient quality. For example, morbidity data could be used to inform burden of disease estimations, which serve as important evidence to prioritize interventions and promote health. The objective of this study was to identify and assess published quantitative assessments of data quality related to patient morbidity in RHISs in use in South Africa. Materials and Methods: We conducted a review of literature published between 1994 and 2014 that assessed the quality of data in RHISs in South Africa. World Health Organization (WHO) data quality components were used as the assessment criteria. Results Of 420 references identified, 11 studies met the inclusion criteria. The studies were limited to tuberculosis and HIV. No study reported more than 3 WHO data quality components or provided a quantitative assessment of quality that could be used for burden of disease estimation. Discussion: The included studies had limited geographical focus and evaluated different source data at different levels of the information system. All studies reported poor data quality. Conclusion: This review confirmed concerns about the quality of data in RHISs, and highlighted the need for a comprehensive evaluation of the quality of patient-level morbidity data in RHISs in South Africa.
The public sector in South Africa uses several well-established RHISs. Systems such as the District Health Information System (DHIS), the Electronic TB Register (ETR.Net), the Electronic Register for Drug-Resistant TB (EDRWeb.Net), and the Electronic Register for ARV treatment (TIER.Net) have been implemented nationally. 9 A pathology-based national cancer register was established in 1986, 10 but the last published incidence report was for
2004
. 11 Several other RHISs are used, but often only implemented in a single province, such as eKapa (ART and TB monitoring system) (Western Cape) and Nootroclin (Northern Cape). 9 Data quality issues of the DHIS at facility, district, and provincial levels have been raised in information audits by the auditor general of South Africa. 12 The need to find quantitative studies of data quality was identified because it is often reported that "the quality of data in RHISs in South Africa is poor," 3, [13] [14] [15] [16] but the extent of the problem cannot be quantified on the basis of qualitative data. Qualitative data can describe the nature of the problem and can also provide possible reasons why the problem exists. A quantitative assessment of the quality of data in RHISs gives an idea of the extent of the problem, and would ideally provide a numerical factor that could be used to adjust routine data to inform planning or burden of disease analysis. In South Africa, routine mortality data from civil registration and injury surveillance are used to inform burden of disease studies 17, 18 and contribute to global burden of disease studies, 19 but it is unclear whether routine morbidity data could be used in a similar way. Although RHISs are designed to support national and decentralized decision-making and health service management, 4, 5, 20 they could also provide morbidity data to help estimate the national burden of disease, provided they are of sufficient quality.
OBJECTIVE
In the absence of comprehensive information on the quality of data reported in the RHISs in South Africa, a literature review was conducted to identify and assess published studies that report on quantitative assessment of the quality of data in RHISs, with a focus on morbidity data.
MATERIALS AND METHODS

Data quality
Multiple frameworks for analyzing RHISs have been developed. 8, [21] [22] [23] [24] [25] [26] Many of these frameworks overlap with regard to components that make up data quality. As the focus of this study is to review reported RHIS data quality in already published studies, 7, 27 the WHO framework 8 was found to be appropriate.
The WHO has described the components of data quality in a guide aimed at improving data quality in developing countries (Table 1) . 8 These commonly used criteria for the evaluation of data quality [28] [29] [30] [31] [32] have been adopted as the framework for this review.
Furthermore, they are largely consistent with the components stated in the standard operating procedure for the District Health Management Information System by the National Department of Health, which include accuracy, reliability, completeness, timeliness, and accessibility. 33 This standard operating procedure also includes integrity, coherence, and compatibility. Of the 8 data quality components identified by WHO, "accuracy and validity," "reliability," and "completeness" were found to be the most relevant for this study.
Review of publications
This study identified English-language publications evaluating South African RHISs from January 1994 to December 2014. Keywords from the systematic review of health data quality management and best practices by Ndabarora et al. 35 guided the basic search terms that were adapted for searching the data sources. Basic terms were ("routine health" OR "district health" OR "health management" OR "public health" OR "national health") AND ("information system*" OR "informat*" OR "data") AND ("data quality" OR "data accuracy" OR "data quality improvement" OR "data audit") AND "South Africa." Table 2 describes the search terms used for the different data sources. Websites were also searched for relevant gray literature, including peer-reviewed conference proceedings. Titles and abstracts of publications were screened by the first author. At least 2 reviewers (the first author and 1 or more co-authors) reviewed each potentially eligible full-text publication for inclusion. Full-text publications that reported on RHIS in South Africa were then assessed by at least 2 reviewers (the first author and 1 or more co-authors). In addition, references of included articles were checked and experts were contacted to identify additional publications. 
Inclusion and exclusion criteria
A quantitative assessment of data quality would provide a numerical factor that could be used to adjust routine data to inform planning or burden of disease analysis. Therefore, even though qualitative assessments can provide clues to the reasons for poor data quality, this was not the focus of the review, and thus studies that focused only on qualitative assessments were excluded, as were commentaries and methodologies. If a study did not include any South African RHISs or focused only on mortality data, it was also excluded. A team of researchers, including RHIS experts, reviewed studies that addressed the identified WHO data quality components. 8, 34 All included publications were analyzed to confirm whether they contained quantitative information relating to the WHO data quality components. A publication was included if it quantitatively addressed any of the following components: accuracy and validity, reliability, completeness, legibility, timeliness, accessibility, meaning or usefulness, and confidentiality and data security. 8, 34 If this information was present, the data system, data flow, actual data elements, and any other related data were noted.
RESULTS
As shown in Figure 1 , 464 publications were retrieved and 44 duplicates were removed, resulting in 420 publications to be assessed. After applying all the exclusion criteria, 11 publications were identified that reported on a quantitative assessment of data quality in an RHIS in South Africa. The study characteristics are summarized in Table 3 by study period, setting, population, information system(s), morbidity and related data elements, and WHO data quality component addressed. None of the included publications reported on more than 3 of the WHO data quality components. 8 Definitions of the data quality component used in the different studies were rarely given, and few data quality definitions were referenced from another source, indicating a lack of standardized definitions to assess data quality. In the absence of specific definitions, the WHO data quality components' definitions were assumed. 8 Most studies had a relatively limited
, and thus were not representative of the whole country. The 11 studies included focused on prevention of motherto-child transmission of HIV (PMTCT) (n ¼ 2), tuberculosis (TB) (n ¼ 8), and HIV and TB co-infection (n ¼ 1). Although several studies evaluated TB data, they involved different sources at different levels of the health system ( Figure 2 ). Drug-resistant TB studies were not included in Figure 2 . The findings of the data quality evaluations are summarized in Table 4 . For studies reporting on recording of HIV in pregnant women, there was a problem with transfer of aggregated information from facility registers to DHIS. 36, 37 These studies also highlighted challenges with completeness between clinic registers and DHIS, and challenges with reliability between clinic registers and monthly summary sheets. Furthermore, the data item "antenatal clients tested HIV positive" was reported as highly inaccurate by Mate et al. 36 in their study setting, when compared to the facility (fixed clinic, mobile clinic, community health center, hospital) registers. Mphatswe et al. 37 reported on an intervention to improve the quality of PMTCT data between facility registers and the DHIS, and significant improvements were reported as a result of the intervention. Some of the studies indicated gaps in the completeness of TB data across multiple information systems, i.e., TB cases that were not being recorded. 38, 40, 43, 45 These studies showed that between 12% and 38% of cases were not being recorded in the primary data source (either patient records or laboratory records) for each study.
35,40-43
Auld et al. 46 focused on TB and HIV co-infection, specifically the HIV/AIDS Treatment Support and Integrated Therapy (THAT'-SIT) information system, which serves as the primary source for integrated TB and HIV patient-level information in the study facilities. Data in the standard RHISs for TB and ART programs were compared to the THAT'SIT data for each case: a paper-based TB patient file (TB Blue Card), a paper-based TB register, an electronic TB register (ETR.Net), a paper-based ART patient file, and an electronic ART register (eRegister) all feed into THAT'SIT. Reliability and completeness across these 6 RHISs were assessed. Auld et al. 46 found that 85% of the cases in THAT'SIT had records in all 6 systems. TB systems were almost complete for reporting on HIV coinfection (97%), while only 78% of the cases had TB status reported in the ART file. TB status was recorded in 97% of cases in the ART eRegister. A kappa score > 0.9 was reported for age and sex variables across systems. For clinical indicators, agreement on TB site of disease was high across the 3 TB information sources (k ¼ 0.90) but low across all the systems (k ¼ 0.53). Table 2 . Search terms for review of publications
Data source Search terms
PubMed ((((("Routine health" OR "district health" OR "health management" OR "public health" OR "national health")) AND ("information system*" OR "informat*" OR "data")) AND ("data quality" OR "data accuracy" OR "data quality improvement" OR "data audit")) AND "South Africa") Restricted: 1994-2014 Scopus ALL ("routine health" OR "district health" OR "health management" OR "public health" OR "national health") AND ALL ("information system*" OR ""informat*" OR "data") AND ALL ("data quality" OR "data accuracy" OR "data quality improvement" OR "data audit") AND ALL (South Africa) AND PUBYEAR > 1993 AND PUBYEAR < 2015 Restricted: South Africa Web of Science TOPIC: ("Routine health" OR "district health" OR "health management" OR "public health" OR "national health") AND TOPIC: ("information system*" OR "informat*" OR "data") AND TOPIC: ("data quality" OR "data accuracy" OR "data quality improvement" OR "data audit") AND TOPIC: (South Africa) Restricted: 1994-2014 Science Direct > 1993 and pub-date < 2015 and ((((("routine health" OR "district health" OR "health management" OR "public health" OR "national health")) AND ("information system*" OR "informat*" OR "data")) AND ("data quality" OR "data accuracy" OR "data quality improvement" OR "data audit")) AND "South Africa")
DISCUSSION
Although many studies reported poor data quality, this differed by data item, setting, and system. [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] Assessments were performed at different points in the RHIS system [38] [39] [40] [41] [42] 45 and there was a lack of standard criteria of data quality, making it impossible to pool the findings from different studies. The WHO definitions of components for data quality provided a practical framework for our review.
The results of this analysis of 11 diverse studies give weight to the comments of multiple authors that the quality of data in RHISs in South Africa is a cause for concern. [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] The studies cover several major programs: PMTCT, the national TB program, and the combined HIV/TB treatment program. They reflect problems at primary, secondary, and tertiary care levels of the health care system and among multiple RHISs, most notably registers of patients receiving treatment, laboratory records, and aggregated reporting systems. Our findings are echoed by a recently published comprehensive evaluation of TB surveillance data in 3 provinces by Podewils et al. 47 showing that completeness and reliability were inconsistent across data sources. Studies focusing on PMTCT highlighted problematic data transfer accuracy, which may be related to human and organizational factors rather than technical issues. Factors such as a lack of core competencies for data collection, staff attitudes toward RHIS tasks, multiplicity of registers to monitor programs, and the absence of processes for feedback and data quality checks and analysis at the facility level were highlighted by Nicol et al. 16, 48 Heunis et al.
reported that gaps in the completeness of HIV-TB systems also relate to human and organizational factors such as staff shortages, lack of training, multiplicity of forms, and difficulty keeping track of patients. 39 System issues may also hinder data quality. For example, systems like THAT'SIT (only rolled out in some provinces), which have been developed to track treatment of patients with HIV-TB coinfection, depend on data from the current TB and HIV information systems and thus inherit all of their challenges. 46 The same authors noted that where mechanisms had been put in place to improve data quality, the impact was not reported. 46 Data quality can also be affected by policy. One possible cause identified for problems with the level of completeness reported in TB studies was that the South African National Tuberculosis Programme approaches TB through a decentralized model and states that TB patients must be registered and recorded at the primary health care level regardless of where they are diagnosed, whether at hospitals or elsewhere. 35 It seems that a formal process is not in place to ensure that cases diagnosed at hospitals are captured in the system. For example, some children, especially those diagnosed with severe TB, are diagnosed and treated only at referral hospitals and thus were not counted in the routine TB surveillance systems.
40,43
PublicaƟons reported WHO data quality components (n=50) QuanƟtaƟve publicaƟons with morbidity data elements (n=11)
Excluded: PublicaƟons did not report on informaƟon required for the assessment (n=2) The title refers to accuracy. However, the study reports on accuracy of diagnosis and not of data. While the studies cannot be assumed to be representative of the whole South African health care environment, and some were conducted more than a decade ago, they do reflect problems in a wide range of environments and give an indication as to how to address them. An underlying problem (identified in multiple studies, including those in this analysis) is that the RHISs in use in South Africa are not generally regarded as important tools to be used correctly and effectively in informing decision making from the individual patient care level to national-level treatment and/or prevention programs.
Furthermore, the results of this review indicate that the National Department of Health should be strengthening the current RHISs using the infrastructure that is already available and identifying the gaps that need to be addressed, particularly data quality. Improved data quality in RHISs has the potential to improve the accuracy of routine reporting of the morbidity profile of patients attending health facilities, which is required to support decision-making on resource allocation. Although the RHISs are in place, this study confirms the assessment by the Health Data Advisory and Coordination Committee that there is room for improvement.
12 In addition to the RHISs discussed in the reviewed studies, other existing RHISs, such as the national cancer register, 10,11 reporting on notifiable conditions, 49 and injury morbidity surveillance, 50 attention. Unless data from these RHISs can be improved, it will not be possible to use them to inform burden of disease studies in the future. The National Health Normative Standards Framework was established to direct efforts to improve poor data quality (as a result of RHIS fragmentation and inoperable systems) by setting the foundations for interoperability as stated in eHealth Strategy South Africa 2012-2016. One local study by Mphatswe et al. 37 and 2 studies from similar low-resource settings 51, 52 report on interventions to improve data quality, which have resulted in sustained improvement. The potential benefits of wide implementation of good practices in recordkeeping, thus making the best possible use of existing RHISs, include improved patient care (since all patients requiring care would be identified and therefore monitored), improved program reporting from clinic to district and provincial levels (essential for program monitoring and resourcing), and accurate and consistent reporting at the national and international levels. A national effort by all stakeholders is required to reach this goal, which should be achievable with existing resources for health services in South Africa. Effective RHISs could have the additional benefit of providing data to inform burden of disease assessments, which are essential to integrated longer-term planning for health in South Africa.
CONCLUSION
This review has highlighted the need for a comprehensive evaluation of the quality of patient-level morbidity data in RHISs in South Africa. Even though RHISs are primarily established to produce data for public health decision making 52 these data could also be extremely valuable for routine morbidity surveillance and empirical estimation of the burden of disease at the national, provincial, and district levels, if data quality could be relied upon. The piecemeal nature of the identified work emphasizes that different levels within routine health information systems require quality assessment. A situational analysis of the availability and quality of patient-level morbidity data at public hospitals is being planned by the Burden of Disease Research Unit of the South African Medical Research Council. In the longer term, it will be important to institute a standardized data quality assurance system to ensure sustainable improvement of RHIS data quality. 
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